Abstract-This paper explains the Virtual Alliances for Learning Society European Project technological approach to support a virtual placements management process. Also, this paper shows the first results of the practical part of the project, the Semester of Code, explaining the detected problems, the issues, the challenges, and some actions to improve the development of these kinds of virtual placements programs. In order to allow the readers to better comprehend the approach and its results, this paper also describes three of the main virtual placements programs around the world, regarding both their organization and technological approach.
in the Computer Science context and in the disciplines or specialties related to it.
The sharing of knowledge and resources is a fundamental part of the culture in Informatics, Software Engineering or Programming; this can be observed in several areas like the current status of the Open Software and Hardware movements, or the use of social networks and online platforms like public software repositories (Github, Bitbucket, etc.), forums to ask technical questions (like StackOverflow, Quora, etc.) or others that serve both to help other engineers in their work as well as showcases of personal branding for engineers. This culture developed by engineers in these open formulas creates a perfect breeding ground for the adoption of this kind of platforms and its use in the management of virtual (and decentralized) practices in an easier way or even more successful in this type of professional profiles that are accustomed to using systems and tools to work in a non-physical way (with no physical attendance to a specific workplace).
In order to manage this kind of virtual placements, due to the current development of communications and technological systems, open web platforms are usually employed that make easy the access to the information and the workflow that supports the placement programme running. With regard to these management systems, there is not a common adopted reference; there is no system that stands above the rest or is adopted by the different kinds of placements that are developed internationally. In fact, each placement programme uses its own software system (ad hoc developed or based on a third party's software that initially was not thought to be used to perform these management tasks). [7] arises, which promotes the establishment of Knowledge Alliances among Higher Education Institutions and the Business world through corporations, foundations and projects, to carry out open innovation processes creating collaboration bridges between the Academia and Business, which allows obtaining feedback from the best of both in pursuit of a common goal of development and innovation based on open philosophies (Open Source [8] , Open Innovation [9] , Open Knowledge [10] - [12] ).
Within this context the European Project Virtual Alliances for Learning Society -VALS (40054-LLP-L-2013-1-ES-ERASMUS-EKA)
The collaboration proposed by this project is implemented through the development of practices in companies and projects worldwide that pose real business problems [13] by students that study computer sciences and other related areas in European educational institutions, in a process regulated by establishing a system of rewards and non-economic compensations which benefits all stakeholders (a win-win approach) [14] .
The programme that materializes this collaboration and student placements in companies is called Semester of Code [15] and it is one of the most outstanding tangible results of the project VALS.
The practices system called Semester of Code is composed of several key issues, among which can be highlighted the following:
• A predefined time period for practices, flexible enough to cover the variety of European study plans.
• A process expressly designed to achieve this Semester of Code that serves as scaffolding for the processes of defining projects and tasks, communication among the various possible stakeholders, task management, and the implementation of practices in a common and flexible way for any virtual and professional placement performed by the students involved. This process is called Open Innovation Process and includes the entire life cycle of the practices, from their definition and specification to completion and recognition of the work done.
• A software system that adapts the process known as Open Innovation Process and coordinates the practices workflow for all possible stakeholders involved. It supports, from the point of view of technology, the entire process implemented under the framework of the Semester of Code and acts as a marketplace and meeting point for companies, foundations, projects to be solved, students and academic institutions involved in the experience. These and other points are developed further in the following sections, but serve as a brief introduction to the intrinsic difficulties, from the point of view of management and organization, of an internship programme as ambitious as the Semester of Code.
This article aims to enlighten the reader about the current state of the systems that manage practices in the field of Informatics and Computer Science. To tackle that, it shows cases of existing programs that offer virtual placements for students in business or industrial environments, presenting examples of how these programs are managed purely in a virtual way or following a mixed approach (the placement and practices take place in a virtual and physical way). Finally, the paper presents the approach and solutions proposed within the VALS European project and its initiative, the Semester of Code.
To accomplish this purpose, the paper is organized in different sections: the first is this brief introduction to programs that manage practices and their difficulties. A section follows (Highlighted Programs of Practices Managed Virtually) that reveals different practical examples of programs that follow virtual philosophies (at least partially) and are success stories in such environments of students involved in professional contexts. In the third section (Semester of Code: Fundamentals and Technological Solution), the reader can find a deeper approach to the Semester of Code's foundations and its technological proposal to support the process of practices. In the fourth section (Results of the Semester of Code's First Iteration) the authors present the results of the first cycle of validation and pilot tests of the Semester of Code and the strengths and weaknesses detected. They also present a brief summary of recommendations and future work regarding the technology system and its workflow. To conclude this article, the authors present the conclusions of this work, compiling the results of both the work and the research associated with the implementation of this initiative related to virtual practices in the European context.
II. RENOWNED PROGRAMS OF PRACTICES MANAGED VIRTUALLY
In this section three outstanding initiatives are presented that promote knowledge partnerships between academia and business, that coordinate the partnerships through training students of these academic institutions in solving real problems proposed by the industry partner or related to the business world. Among the various projects that handle similar processes, the Summer of Code, the Open Source Undergraduate Capstone Projects, and DEMOLA are among the most suitable to be presented here. The main features of each programme are listed below, so that readers can better understand how some initiatives similar to the VALS project and the Semester of Code are managed, and thus evaluate its proposal and developed system from a better perspective.
A. Summer of Code
Google's Summer of Code [16] is an initiative that offers students (over 18 years of age) the opportunity to program and perform tasks of code developing for companies and real projects based on Open Source in a totally remote and virtual way, besides getting a payment (USD 5500 in the last edition) for the work done. Moreover, the Summer of Code offers companies, foundations and Open Source projects the possibility of receiving students from anywhere in the world interested in solving any problems they pose (Google also evaluates the proposals for accepting or rejecting their participation in this program).
The Summer of Code started in 2005, and during this time has managed to provide practices to more than 7,500 students from 101 different countries, with over 8000 mentors from 109 countries, and resulting near 50 million lines of developed code [16] . It is therefore a programme really rooted in the international arena, and a referent in the areas of virtual practice among students and companies.
Below is presented a brief description of the functioning of the initiative (based on workflow and conditions of the call at the time of writing this article description, 2015) [17] :
• The companies, foundations and Open Source projects interested in participating in the programme apply one or more projects or project tasks in the Summer of Code website for possible approval and acceptance by Google as part of the call for students of the Summer of Code. This proposal should also designate the persons who will act as mentors for students who wish to participate, as well as other details concerning the specific requirements, technologies to be used, etc.
• The company, Google, depending on the theme, the quality of the proposal, the interest, the project path or the mentors' previous experience (among other things) selects or rejects the project to be included in the program.
• After the establishment of the list of projects available to be solved by students, they are posted on the website of the Summer of Code (in the case of the 2015 call http:// www.google-melange.com/gsoc/homepage/google/ gsoc2015). From this moment, and for two weeks, students can apply for solving any project, proposing to turn in a possible solution as well as other noteworthy details regarding implementation, planning, etc.
• Finally, businesses, foundations and projects choose the best proposals presented by students and the selected students are allotted around three and a half months during the summer to solve the project (usually between May and August). This description, though possibly extensive for this kind of paper is essential, since the VALS project and Semester of Code take in much of the philosophy that this Summer of Code distills, adopting and adapting its operating philosophy and paradigms to the specific context where VALS and the Semester of Code are applied.
Regarding the technology that supports this workflow and its associated methodology for remote and virtual work, Google has opted for building an ad hoc system known as Melange [18] . In the beginning, Melange coordinated only the workflow of Google's Summer of Code, but now in addition to the management of the workflow it contains a tracker, a content manager and a manager for the communications among the different roles involved, plus other minor applications combined with a framework (called Spice of Creation) that supports them. Melange is developed in Python and is currently based on the backend of Google App Engine. The development of this platform involves a wide range of developers, both of the Google Company itself and members of the Open Source international communities. They develop and improve this system to achieve the adequate support for projects like the Summer of Code or others with similar goals.
B. Undergraduate Capstone Open Source Projects
The Undergraduate Capstone Open Source Projects (UCOSP) [19] is another programme related to practices and development of projects by students from Canada. The philosophy behind this initiative is somewhat different to those discussed above, because in UCOSP students conduct the projects in a collaborative way, so each project is developed by several students from various Canadian universities, while they are advised by a supervisor from the academic or business world. As in the case of the Summer of Code and the Semester of Code, the projects solved by the students should be real problems posed by companies and projects related to Open Source.
The UCOSP project differs from others in four main areas: 1. The main objective, beyond development and solving real projects related to Open Source, is the development of students' professional skills and teamwork from a remote point of view. According to the organizers of this program, there are an increasingly number of jobs that require professionals trained to work in distributed and geographically dispersed development environments and able to be productive in them, communicating effectively with their workmates, using tools to coordinate work regardless of location or time zone, or even being able to work with people coming out of their usual circle of acquaintances or collaborators. 2. The project is oriented to students from a single country:
Canada. It does not accept students from other countries of the world and is only intended to contribute to the education and training of the professional skills of students in this country. 3. Despite its features about working remotely and the distributed development, UCOSP programme collects as part of its workflow the initial work sessions in a faceto-face way. At them, the team members know each other personally in order to facilitate further work and allowing receiving training and guidance from those that will later be their mentors. Once this initial classroom training, students will return to their origin places to perform tele-work from there. 4. The rewards for developing projects are not monetary, but rely on credit recognition systems, achieving specific subjects or parts of their degrees, etc. To develop this program, the UCOSP organizers use a web platform where projects are published (http://ucosp.ca/projects/). After selecting the projects that students want to develop, communication and management of the process are carried out of the platform, using techniques well known like messaging tools, code sharing repositories, email, etc. This programme has been operating since 2008, initially being an institutional project of several universities, and later becoming a stable project spread across Canada [20] . As a brief note about the popularity of this initiative, it can be highlighted that the UCOSP programme has received in the last four years more than 300 students from 20 different Canadian universities [21] .
C. DEMOLA
According to its website [22] , "Demola is an international organization that facilitates co-creation projects between university students and companies, either locally or internationally. To be more specific is [23] :
• A network that consists of various partners including universities, their faculties, researchers and students, as well as companies, local agencies and a growing number of Demola Centers around the globe. Not only are we international, we are interdisciplinary.
• A process (. . .) that ensures that the work is systematic and runs on schedule. This way, the work itself can be as creative as possible, but the process keeps things under control both in terms of time and deliverable.
• A co-creation concept that is geared to solve real challenges. Every project has an outcome -be it a new concept, a demo, or a prototype. If the partner company finds the outcome useful, the company can license or purchase the outcome, and take it for further development.
• A framework that makes it easy for partners to come in and cooperate. Each partner has a clear role, and the work is guided by simple procedures. Contracts, intellectual property rights, licensing models, and other legal requirements are in place and meet international business standards and practices (sic)" [24] . Demola's mission as an organization is to create an innovation ecosystem worldwide. To do this, Demola puts in contact companies that offer real business problems both in terms of software as in other disciplines, with universities that offer direct access to talent and serve as a source of inspiration in the process of innovation, and students or researchers who eventually develop the solution and gain experience in a real professional context, following an approach in which everyone benefits (win-win approach) [25] . Demola's mission is not only focused on solving problems in a traditional way, but it uses the collaboration among the different stakeholders to give rise to new ideas and develop projects from an innovative and multidisciplinary perspective.
Regarding how this process is managed from a technological point of view, Demola establishes a network of associated centers, where each of them has its own website where the proposed projects, the activities to be performed, and the physical events are published for those interested in attending, etc. This system is based in most cases on a Drupal platform [26] that contains the functionality about roles, permissions, communication, publishing and content management, etc., enough for the implementation of the program in each of the venues. To illustrate this difference for each Demola center web platform, as example readers can visit the website of the Slovenian Demola center (http://slovenia.demola.net/).
About the relevance of the project, its viability and success in terms of attracting participants, Demola provides on its website some metrics about its activity. In [22] are available the year 2014 participation data, which comprise more than 9 Demola centers operating worldwide, more than 140 companies participating as partners in the project network, 1,600 students, 37 universities involved and 350 fulfilled projects.
III. SEMESTER OF CODE: FUNDAMENTALS AND TECHNOLOGICAL SOLUTION
As previously explained in the introductory section, the Semester of Code programme is an initiative arising from the VALS European project and proposes a framework for the organization and implementation of a virtual internship programme for students from European universities in a global professional context [13] - [15] , [27] , [28] .
This section explains in greater detail the foundations that support this programme, as well as the technological solution that supports it (as a whole) and its various processes and tasks.
A. Semester of Code's Foundations
In this subsection is presented the Semester of Code's workflow, focusing the explanation on the key issues that have been developed, the different problems faced and solutions adopted during the first months of life of this virtual internship programme.
From a practical and pragmatic point of view, the Semester of Code is founded on two main pillars:
1. A process and workflow, called Open Innovation Process, that detail the practices system operation, and which has been designed to cover most of the possible needs that may arise to any stakeholder during the execution of their functions within the Semester of Code's process. This workflow describes the interaction between the different stakeholders involved, the relationship of these with the portal and the technology that supports the process and the process interaction with external stakeholders like the faculties staff, the administrative staff of universities, or the staff of companies or foundations, etc. The full description of this workflow and its actual implementation within institutions such as the University of Salamanca can be found in the references [13] , [15] , [28] . 2. A number of components and technology platforms that provide both logic and practical to the entire process, facilitating the adoption of the Open Innovation Process to each participating institution and organization and articulating how the process should be developed effectively in actual application contexts. These components and platforms are described in detail in the next subsection, including a complete example of how they handle the entire process of managing virtual practices. In addition to this brief explanation of the two main pillars of the Semester of Code, it is necessary to accompany an important clarification about the process and the system established for the management of the internship: the Semester of Code currently runs linearly in a way of sprints. That is, the Semester of Code's process is executed fully and in a linear fashion from start to finish; at this moment the Semester of Code is not a cycle that students can join at any time, but is regulated by a series of steps and associated timing constraints. It is not a continuously open system. Currently, for the pilot testing phase, two different sprints are being developed, one from September to December 2014 (in terms of stages of projects proposals, selection of students, etc., not for projects implementation phase) and another between January and March 2015 (the same way, regardless of the resolution phase of the proposals of the students). This is crucial to clearly understand how the software that supports the process is designed and implemented [29] .
Another important fundamental of the Semester of Code is the rewards system and its win-win approach that is applied in all possible processes included [14] . This rewards system is made to ensure that all those involved in the process receive something (tangible or intangible) related to the process in an intrinsic way (i.e., in the case of companies: the possibility of student interns to solve a real business problem) or extrinsically (i.e., concrete rewards: the university agree with the students an academic reward which depends on the rules of the university and the educational legislation of the country where practices are developed). This policy about always rewarding As observed previously, and will be discussed in the fourth section (Results of the Semester of Code's First Iteration), if the reward policy is not set, there are several sensitive stakeholders that show doubts regarding their participation in the process (for example, the students).
B. Technology Serving the Semester of Code
Supporting the Semester of Code there is a platform called Virtual Placements System (VPS) developed by the VALS project team, which is responsible for coordinating all processes and workflows defined by the Open Innovation Process for carrying out the placements program. This system is available currently via two web addresses: http://vps. semesterofcode.com/ and http://vps2.semesterofcode.com/ (one web address for each sprint carried out during the pilot testing).
This VPS platform is based on a series of plugins integrated in the Drupal CMS [26] which coordinate the various stages of execution and provide different features and capabilities to each stakeholder who can participate in the system. That is, these plugins control:
1. The timing of each type of event that may occur during the Semester of Code [29] : Project proposal periods, periods in which students can propose the ideas for solving projects, selection periods of proposals to be developed by the technological mentors, etc. For more information about the workflow and its timing: http://vps2.semesterofcode.com/sites/all/ modules/vals_soc/help/index.php?id=3
2. The actions each user can perform (i.e. Figure 1 ) [29] : registering different profiles, inviting mentors by companies, inviting academic supervisors and students by universities, proposing ideas for solving projects by students, etc. 3. The negotiation and agreement process on solving practical, management processes. These processes include the management of periods for project proposals and students election, the review process of the project ideas by the academic supervisors, the approval or rejection of solution ideas proposed by students (by the companies or foundations), the final acceptance of the placement done by the student, etc. 4. The necessary notifications associated with each process, i.e. warnings about registration procedures, new projects publication, solution proposals, processes of selecting students, decisions about practices, etc. As discussed, the functionality varies depending on the type of user that interacts with the system. The different user profiles contemplated by the VPS are the following [29] :
• Programme Administrator: user with administration and supervision permissions.
• Organization Manager: user that registers companies, foundations or projects. Has the possibility of sending projects to the system, performing the business mentor tasks, or inviting other mentors to oversee the implementation of projects.
• Mentor: can create projects in the system and controls the process of choosing candidates to develop the projects proposed by organizations.
• Institution administrator: user that registers the academic institution to which he/she belongs. Is authorized to be academic supervisor and invites other academic supervisors and students.
• Supervisor: can create students groups to manage the process of proposing solutions, invite students to participate and review the ideas proposed by students to business stakeholders.
• Student: can see listings of projects and participating companies, can choose the projects which he/she want to be proposed as a candidate to develop the solution and send their proposals to the system; they also have the final word in the candidates' selection process to finally accept or not the practice to be performed. For more information on system operation and management of various processes occurring in the Semester of Code and the Open Innovation Process, please visit [29] .
To ease the communication tasks, delivering different parts of the project, code-sharing, etc., the Semester of Code's process establishes that users involved in a project can choose the tools (external for example) they want to use for their work within the project.
IV. RESULTS OF THE SEMESTER OF CODE'S FIRST ITERATION
Upon the completion of the first iteration (first sprint) of the Semester of Code, which took place between September and December 2014, and which has already carried out the election of students and the acceptance and agreement on practices, it is possible to present some early results, as well as a series of observations, conclusions and future work to be done to improve the process and its results.
In terms of participation data, in the first round were involved (regarding organizations and institutions) 12 universities from 6 different countries (Spain, United Kingdom, Italy, Cyprus, Serbia, France), and 64 companies and foundations which provided 237 different projects. In relation to the students, in this first round the Semester of Code only received 12 proposals for the settlement of projects (only 12 students and several universities that failed to involve students). Of these students, seven of them achieved placements in companies or foundations, one of them was shortlisted as a potential solution (without actually materializing the choice), and 4 of them finally did not accept the placements, refusing the possibility of developing the proposed solution.
In light of these findings, the VALS project partners have attempted, through personal interviews with students, mentors, supervisors and academics, to identify the various problems that have occurred and to detect the strengths and weaknesses of the process. As a summary of this acquired knowledge, the following points are presented:
• Positive aspects observed about the project and its proposals:
• The universities like the VALS project proposal.
• The companies and foundations trust the process (at least 64 in the first round).
• Students believe that the practices performed within the Semester of Code programme are a great opportunity for their professional careers.
• Negative aspects observed about the project and its proposals:
• Universities need much time to react to these initiatives and adopt this kind of processes within their strict workflows and bureaucracy.
• Companies and foundations want to see results in the short term.
• Students need time to absorb this type of proposals and be motivated to participate in them.
• Issues found:
• Administrative processes at the universities are very strict, and vary between universities. The timing of these processes also changes depending on the university and the educational system of the country.
• The deadlines and the workload of the companies or foundations are not always compatible with the plans of students.
• There are several critical factors in incorporating academic supervisors: Their personal relationships with organizers of the Semester of Code within their university. Their altruistic behavior, because in many universities the participation in initiatives such as this does not involve an extra revenue. They should see a clear link between practices and curriculum, so they can also get their work recognized.
• Students have various problems in getting involved:
The Semester of Code must completely fit the timing of their degree or their short-term plans; otherwise, they will not participate. They must clearly know the advantages of the Semester of Code for them as well as the rewards they can receive. They often believe that they do not have the knowledge to solve the projects proposed by companies. In some countries, students have reservations about the participation due to language (officially the Semester of Code is developed in English) or because they believe they do not have enough communication skills to function in a professional context like this (international, distributed, etc.). In terms of concrete actions that the VALS project partners propose in order to alleviate these difficulties, the following can be highlighted:
• Make flexible the processes related to the incorporation of universities to the pilot. Each university will adapt the process to their own procedures as much as possible, especially in the most critical points that vary among them such as: recognizing and rewarding the placements, the time of completion of projects, etc.
• Perform another sprint within the scope of the Semester of Code's pilot tests, so the issues could be tested better in more European universities.
• Continuously monitor supervisors from universities, providing assistance in any aspect they need to carry out the Semester of Code within their institution.
• Present on several occasions and contexts the internships programme for students.
• Offer clearly and compulsorily attractive rewards for students, such as the recognition of credits or the possibility of reusing the projects developed within the Semester of Code scope as projects for subjects or Final Degree Projects.
• Involve more universities for a larger volume of potential students. Among the future work proposed by the VALS project partners to improve the process and its results, it is possible to highlight the following ideas:
• Search for and involve academic supervisors previously involved in Open Source development and who have participated actively in FOSS communities.
• Assess the limitation of the number of projects received, so that in case of low participation by students, the ratio project-students would not be as much unbalanced.
• Interview students, supervisors and universities staff through questionnaires to learn more about the factors that influence their participation in the Semester of Code.
• Improve the features, user experience, documentation and appearance of the Virtual Placement System.
• Evaluate the option of having the enrollment process always open, in which the projects would have a predefined timing to be developed, and where students would participate at any time depending on their capabilities and personal schedule. As a final summary of the first pilots experience within the Semester of Code, it is possible to assert that the human component in these initiatives is essential, and it is necessary that these programs find ways to connect with the proper target audience in every possible stakeholder that can be involved to achieve success.
V. CONCLUSIONS
This paper discusses the technological proposal of the VALS project and the Semester of Code programme to support the process of managing virtual placements in companies related to the Open Source development. Besides giving an explanation of the technology that supports this practices programme, this paper shows the preliminary results of the first phase of pilot tests of the programme, presenting the main problems, the negative and positive aspects found and some actions that should be taken by the project partners to improve the process and its results. In turn, this section about the preliminary results states that the human factor is a key point to the success of this kind of initiatives [30] , because if the practices programme is unable to connect properly with the target audience to which it is addressed it will not succeed in any way.
To enable readers to establish a relationship between what this programme offers in the international context, this text highlights other different programmes that develop virtual practices worldwide, also explaining the main points of their philosophy and briefly their technological approach to the problem.
